Chemotherapy is associated with male infertility. Cisplatin (cis-diamminedichloro-platinum (II) (CDDP) as a chemotherapy medication used to treat a number of cancers has been reported to most likely induce testicular toxicity. Administration of antioxidants, such as pentoxifylline (PTX) may reduce some Adverse Drug Reactions (ADRs) of CDDP. Therefore, this study investigated the potentially protective effects of PTX on CDDP-induced testicular toxicity in adult male rats. For this purpose, 42 male rats were randomly divided into 7 groups. The rats were orally pretreated with PTX at the 3 doses of 75, 150, and 300 mg/kg once a day for 14 successive days. On the 14 t h day of the study, they were intraperitoneally (IP) administered with a single dose of CDDP (7 mg/kg). Finally, the sperm/testis parameters, serum levels of reproductive hormones, including testosterone, Luteinizing Hormone (LH), and Follicle Stimulating Hormone (FSH) as the pivotal endocrine factors controlling testicular functions, and histopathological changes of testis tissue were examined. Pretreatment with the two doses of 75 and 150 mg/kg PTX indicated significant increases in the sperm count and motility induced by CDDP administration. The right and significantly left testis weights were decreased following the treatment with 300 mg/kg of PTX plus CDDP. However, 75 mg/kg of PTX plus CDDP showed the best near-to-normal histopathological features. The results demonstrated that PTX alone enhanced some parameters, such as the sperm count, while reducing other parameters, including sperm fast motility and germ layer thickness. Furthermore, despite testosterone or LH levels, the mean serum FSH level was significantly augmented by the doses of 75 and 150 mg/ kg. It was concluded that PTX administration cannot reduce CDDP-induced testicular toxicity even at high doses (e.g., 300 mg/kg), while it seemed to partially intensify CDDP toxicity effects at a dose of 75 mg/kg. Thus, further research is required in this regard.
INTRODUCTION
Infertility and its related problems are a major issue in today's marital affairs (1) . According to statistics, 35% of infertility cases are related to men, while 25% relate to both partners (2) . The inability to produce a sufficient number of healthy and active sperms is the most common cause of male infertility (3, 4) . Here, it should be pointed out that cancer chemotherapy drugs, antibiotics, toxins, pesticides, radiation, stress, air pollution, inadequate levels of vitamins, and administration of glucocorticoids are the factors contributing to poor sperm production and consequent male infertility (5) (6) (7) (8) . Chemotherapy and radiation therapy are associated with changes in the male genital tract. In chemotherapy, drugs with alkalizing properties have the highest dose-dependent ADRs on testicles (6) .
CDDP is a chemotherapy medication that forms DNA adducts resembling bifunctional alkylating agents. CDDP can be used to treat various tumors, including ovarian, testicular, bladder, head and neck, lung, and cervical and endometrial tumors, as well as sarcoma and lymphoma (9, 10) . However, due to its harmful effects on the kidneys, peripheral nerves, inner ear, and testicles, the use of this drug has been limited (11) (12) (13) (14) . The main reason for the restriction in its therapeutic efficacy is its toxic effects on the reproductive system causing severe testicular damage, which can be identified with the death of zoogenic cells in the process of spermatogenesis and sperm DNA damage (15, 16) .
PTX is a derivative of methyl xanthine that can be applied for the treatments of peripheral vascular disease, cerebrovascular disease, or conditions causing topical disturbance on microcirculation due to its effects on blood flow and glutathione (GSH) (17) . This compound can enhance chemotactic responses of neutrophils, while it may hinder the phagocyte and superoxide productions of neutrophils and monocytes (18, 19) . PTX is a hemorheologic active compound, which is used for the treatment of intermittent claudication in the foot and other vascular disorders and can inhibit phosphodiesterase (PDE), which leads to augmented levels of intracellular cAMP (17, (20) (21) (22) . Due to playing a role in improving sperm function, PTX has attracted much attention. cAMP plays a role in the control of motile spermatozoa. Nevertheless, its numerous protective mechanisms are less clear (20, 21) .
PTX beneficial effects on sperm function and male infertility have been noted in several studies (23, 24) . Yet, there are some controversies in its beneficial effects on sperm function and semen parameters (25, 26) . Furthermore, research has shown that PTX has anti-inflammatory and antioxidant effects in addition to its useful effects on blood circulation (27) . Thus, given the role of oxidants in the incidence of testicular toxicity induced by CDDP and PTX useful properties, it was decided to examine PTX protective effects on CDDP-induced testicular toxicity.
MATERIALS AND METHODS

Animals.
A total of 42 male Wistar rats (180~200 g) housed under the standard condition, including 12 hr of darkness, 12 hr of light, and a temperature of 25 ± 2 o C with free access to adequate amount of food and water in order to comply with the required situation was employed. All the animal experiments were performed according to the ethical guidelines suggested by the animal ethics committee of Yasuj University of Medical Sciences (Yasuj, Iran).
Treatment. The animals were randomly divided into 7 groups and treated for a period of 14 consecutive days. The rats were weighed once prior to the study and once before being sacrificed. Group A served as the control, which was daily gavaged with Distilled Water (DW). Group B received DW orally once a day for 14 days, while being once injected with 7 mg/kg of CDDP intraperitoneally (IP) on the 14 th day of the study. Group C received 75 mg/kg of PTX orally once a day for 14 days, while being once injected with 7 mg/kg of CDDP intraperitoneally (IP) on the 14 th day of the study. Group D received 150 mg/kg of PTX orally once a day for 14 days, while being once injected with 7 mg/kg of CDDP intraperitoneally (IP) on the 14 th day of the study. Group E received 300 mg/kg of PTX orally once a day for the period of 14 days, while being once injected with 7 mg/ kg of CDDP intraperitoneally (IP) on the 14 th day of the study. Group F received 150 mg/kg of PTX orally once a day for the 14-day period. Group G received 300 mg/kg of PTX orally once a day for 14 days.
Sperm quality evaluation.
To examine the sperm quality, first, the tail of the epididymis was cut and kept in T6 medium. Then, it was divided into pieces and hence, the sperm was inserted into T6. Morphology, number (count), and movement (motility) of the sperms were examined in all the study groups (28, 29) .
Hormone measurement. The rats in all the groups were weighed on the 1 st and 14 th days of the study. After the 14-day period, the weighed rats were anesthetized with ketamine (40 mg/kg)/xylazine (10 mg/kg) and their abdomens were opened to take their blood samples from their hearts and examine their serum testosterone, LH, and FSH levels.
Histopathological examination. All the animals were sacrificed and their testicular tissues were fixed by 10% neutral buffered formalin, embedded in paraffin, rehydrated, and cut into 5 µm-thick sections using a rotary microtome. The sections were stained with hematoxylin and eosin (H&E), mounted in Canada balsam, and then evaluated with a light microscope to determine any histological changes. Furthermore, epididymis was used to assess sperm parameters.
plSSN: 1976-8257 eISSN: 2234-2753 8.99) significantly reduced compared to that of the control group. The data also suggested that a concurrent administration of CDDP and PTX at a dose of 300 mg/kg with a mean of 90 ± 30.35 caused a significant reduction in the sperm count (p≤0.01). On the other hand, administration of PTX alone at a dose of 150 mg/kg with a mean of 495.66 ± 102.08 led to a significant enhancement of the sperm counts of the treatment group compared to those of the control group. Furthermore, significant increase and decrease were observed in the group receiving PTX combined with CDDP at the doses of 75 and 300 mg/kg with the means of 444.50 ± 19.96 and 90 ± 30.35 compared to the group receiving CDDP alone, respectively. A significant difference was also observed with the coadministration of 150 mg/kg PTX and CDDP compared to the group receiving CDDP alone. Also, with the increasing dose of PTX up to 300 mg/kg, a significant decline in the sperm count was witnessed as compared to the control group (Table 1) .
• Sperm shape: The results demonstrated that the shapes of the sperm cells in the treated compared to the control group were not significantly different (Table 1) .
• Sperm fast motility: Table 1 displays the mean and SD of the studied factors of the sperms isolated from the testicular tissues of the selected groups. Sperm fast motility in the control group was statistically significant (p<0.001) compared to those of the other studied groups; however, the difference was not statistically significant in the groups receiving different doses of PTX combined with CDDP compared to the CDDP-administrated group.
• Sperm sluggish motility: Table 1 shows that the average percentage of the sluggish motilities of the sperms in the control group is 52.50 ± 7.77. In addition, statistically significant differences can be seen in the group receiving CDDP combined with the different PTX doses of 75, 150, and 300 mg/kg with the averages of 14.25 ± 1.10, 1.75 ± 0.62, and 4 ± 2.08, respectively. The data obtained from 300 mg/kg PTX were not significantly different compared with that of the control group. Moreover, a significant reduction was found in the groups receiving the different PTX doses of 75, 150, and 300 mg/kg combined with CDDP as compared with the CDDP group.
Statistical analysis. The Statistical Package for Social Sciences (SPSS 22, IBM, NY, USA) software was utilized for the statistical analysis. The variables in terms of homogeneity of variance and a normal distribution were examined. If they contained a normal distribution and equal variance, analysis of variance (ANOVA) would be used and otherwise, Kruskal-Wallis one-way test would be applied. To specify the different groups, Tukey test was employed. The significance tests of p<0.05 were considered.
RESULTS
Body weight changes.
The mean body weights of the rats were significantly reduced after treatment with CDDP or CDDP combined with PTX at a dose of 300 mg/kg. However, 75 mg/kg of PTX could inhibit the animal's weight decrease. Moreover, administration of PTX alone showed no significant changes in the body weight ( Fig. 1) . The animal weight reduction could indicate toxicity during the treatment.
Changes in sperm parameters. • Sperm count:
The data demonstrated that the number of sperms in the group treated with CDDP (218.66 ± Non-motile sperms. The percentage of non-motile sperms in the control group was 13.75 ± 1.49 in comparison with the CDDP-receiving group and the group of CDDP combined with the different PTX doses of 75, 150, and 300 mg/kg with the averages of 68.75 ± 17.92, 98.25 ± 4.77 and 95 ± 3.65, respectively, thus representing a statistically significant difference. Yet, the data of the group administrated with 150 and 300 mg/kg PTX did not reveal significant differences from that of the control group. Furthermore, no significant differences were observed in the groups receiving different doses of PTX plus CDDP as compared with the CDDP-receiving group (Table 1) .
Changes in testis parameters.
• Left testis weight: Table 1 depicts a significant decrease in the left testicular weights of the groups receiving CDDP alone (1.25 ± 0.06 g) and a combination of CDDP and 300 mg/kg PTX (1.20 ± 0.08 g) compared with that of the control group (1.53 ± 0.02 g; p = 0.041). No statistically significant differences were observed in the left testis weights of the groups administered with different doses of PTX plus CDDP compared to the group receiving CDDP alone.
• Right testis weight: The right testicular weight in the CDDP-administered group was 1.24 ± 0.05 g in comparison with that of the control group (1.51 ± 0.03 g), thus revealing a statistically significant decrease (p = 0.037). However, the right testis weights of the groups receiving CDDP and 300 mg/kg PTX were reduced compared to that of the control group though this reduction was not statistically significant (p = 0.098). Besides, no significant differences were observed in the right testicular weights of the groups receiving different doses of PTX plus CDDP compared with that of the CDDP group (Table 2) .
• Seminiferous tubule diameter: According to the data, the mean seminiferous tubule diameters of the treated groups compared with that of the control group indicated no statistically significant differences (Table 2 ). There was a decline in the mean seminiferous tubule diameters of the groups treated with different doses of PTX combined with CDDP with the means of 267.95 ± 12.06, 296.95 ± 21.06, and 275.09 ± 14.16, compared to the group treated with CDDP alone (330.08 ± 28.80), respectively, but the reduction was not statistically significant.
• Zoogenic (germ) layer diameter: Table 2 exhibits that the diameters of the germ layers in all the groups were significantly decreased (p<0.001) as compared to that of the control group. Additionally, a statistically significant reduction was found in the groups pretreated with a dose of 75 mg/kg PTX plus CDDP with a mean of 57.88 ± 3.64 compared to that of the CDDP group (73.24 ± 6.67).
• Number of spermatogonial cells: The numbers of spermatogonia in the group receiving 300 mg/kg of PTX alone (139.83 ± 11.41) and the group treated with CDDP and 300 mg/kg PTX (156.33 ± 13.59) significantly increased compared to that of the control group (84.5 ± 4.23; p<0.01). Furthermore, a statistically significant enhancement was found in the group receiving CDDP and 300 mg/kg PTX compared to the group receiving CDDP alone. Yet, no simultaneous significant differences were observed in the other two groups administered with CDDP and PTX as compared to the group receiving CDDP alone ( Table 2 ).
• Number of Leydig cells: The results were indicative of no significant differences between the studied and control groups based on the number of Leydig cells. In addition, a reduction was observed in the numbers of Leydig cells in the groups treated with different PTX doses of 75, 150, and 300 mg/kg in combination with CDDP with the means of 5.25 ± 0.39, 5.17 ± 0.45, and 5.01 ± 0.36 compared to that of the group treated with CDDP alone (5.33 ± 0.37), respectively, thus revealing a non-statistically significant variation.
• Number of sertoli cells: The numbers of sertoli cells in the studied groups compared with the control group represented no statistically significant differences ( Table 1) . The groups pretreated with 75 and 300 mg/kg PTX and CDDP at the two doses of 3.75 ± 0.21 and 4.33 ± 0.28 demonstrated a significant decline as compared to the CDDP group (4.5 ± 0.33), while no statistically significant augmentation was discovered in the group receiving 150 mg/kg PTX and CDDP (5.24 ± 0.31).
Hormonal changes.
• Serum testosterone level: The mean serum testosterone levels in the CDDP and concurrent CDDP-and Despite that, the mean serum testosterone levels were slightly increased in the groups receiving 75 or 150 mg/kg of PTX plus CDDP compared with the CDDP group though this enhancement was not statistically significant. In any case, PTX at 300 mg/kg indicated the greatest reduction. Furthermore, testosterone levels in the PTX-administered group showed no significant difference from that of the control group (Fig. 2 ).
• Measurement of LH level in blood: No statistically significant alleviation was observed in the serum LH levels of the groups receiving different doses of PTX in combination with CDDP as compared to the CDDP group (Fig. 3 ).
• However, no significant changes were indicated at a dose of 300 mg/kg (Fig. 4) .
• Histopathological analysis: The best near-to-normal histological features were revealed in the group of CDDP plus 75 mg/kg PTX by H & E as compared with those of the control group (Fig. 5C) . In this Figure, the continuous arrows depict the diameters of seminiferous tubules and the non-continuous arrows display the normal thickness of the germinal layer. In addition, yellow arrows represent venous congestion (Fig. 5C) . The control group portrayed normal seminiferous tubular and germinal epithelium diameters and spaces of seminiferous tubules (Fig. 5A) . Decreased seminiferous tubular diameters (continuous arrows) and increased space between the seminiferous tubules (non-continuous arrows) were indicated in the testes of the rats treated with CDDP (Fig. 5B) . Reduced seminiferous tubular diameter and thickness of germinal epithelium layer (continuous arrows) besides vascular congestion (non-continuous arrows) were observed in the testis sections of the rats treated with a dose of 150 mg/kg PTX and CDDP (Fig. 2D) . Decreased seminiferous tubular diameters (continuous arrows) and increased spaces between the seminiferous tubules caused by the tissue edema (non-continuous arrows) were seen in the testis sections of the rats treated with a dose of 300 mg/kg PTX and CDDP as represented in Fig. 5E . Furthermore, Fig. 5F demonstrates a reduced seminiferous tubular diameter (continuous arrows) and tissue edema in the spaces between seminiferous tubules (non-continuous arrows) in addition to venous congestion (yellow arrows) in the testis sections of the rats treated with a dose of 300 mg/kg PTX.
DISCUSSION
This research was an experimental study conducted on PTX effects at the different doses of 75, 150, and 300 mg/ kg on CDDP-induced testicular toxicity in rats. According to the sperm/testis parameters, pretreatment with the two doses of 75 and 150 mg/kg PTX revealed significant increases in the sperm count and motility against CDDP administration. PTX alone enhanced some parameters, such as the sperm count, but reduced other parameters, including sperm fast motility and germ layer thickness. However, the right and significantly left testis weights were decreased following the treatment with 300 mg/kg of PTX plus CDDP. Histopathological results also indicated the best near-to-normal features of CDDP+75 mg/kg PTX. Furthermore, the levels of reproductive hormones, such as FSH significantly rose at the doses of 75 and 150 mg/kg despite testosterone or LH levels as compared with CDDP level. The serum levels of testosterone, LH, and FS hormones make parts of the regulatory toxicity studies performed on the reproductive system. Therefore, PTX could not reduce CDDP-induced testicular toxicity even at high doses (e.g., 300 mg/kg) although it seemed to partially intensify CDDP toxicity effects at a dose of 75 mg/kg.
It has been reported that CDDP causes irregular seminiferous tubes, reduces seminiferous tubular epithelium and fibrosis around the vessels and melatonin, and helps to dramatically improve these changes by increasing the levels of GSH and glutathione peroxidase (GPX) activities, enhancing serum testosterone levels, and reducing malondialdehyde (MDA) levels (30) . MDA results from the lipid peroxidation (LPO) of polyunsaturated fatty acids and serves as a marker for Oxidative Stress (OS). In the previous studies, the antioxidant effects of vitamin C, diphenyldiamine (DPPD), and L-cysteine on the kidney and testicular toxicities of CDDP in rats were evaluated (31, 32) . In those studies, CDDP was administered at the doses of 2 and 8 mg/kg for 2 weeks. The results of the CDDP-receiving groups showed that the levels of LPO, peroxidase, and superoxide anions significantly augmented. Furthermore, dramatic reductions in the activities of antioxidant enzymes, including superoxide dismutase (SOD), catalase (CAT), and glutathione transferase were observed. GSH levels were substantially lowered in the testes treated with CDDP compared with that of the control group. The CDDP-induced toxicity resulted from free radicals was biochemically reported to be generated in the tissues. However, the mechanism of CDDPinduced testicular damage is not well understood. Numerous studies have shown that exposure to CDDP can disturb redox balance, which is indicative of the oxidative type of the stress leading to the biochemical and physiological disorders (33, 34) .
The sperms of mammals contain a unique lipid composition with high levels of polyunsaturated fatty acids, sphingomyelin, and plasmalogen. The unusual membrane structures of the sperms are responsible for their flexibilities and performance capabilities. Lipids in spermatozoa are the main precursors of peroxidation, which may stimulate severe abnormalities in the sperm functions (35, 36) . In some experimental studies, Reactive Oxygen Species (ROS) is known to provide a mechanism for the pathogenesis of CDDP-induced testicular toxicity (37, 38) . The concept of ROS encompasses oxygen ions, free radicals, and peroxidase, which can cause infertility via two main mechanisms. Firstly, the damage to the sperm membrane can reduce sperm motility and ability to fuse with the ovum. Secondly, the direct damage to the sperm DNA can cause some problems in the paternal genomic contribution to the embryo (39) .
Due to the toxic effects of chemotherapy on fertility, researchers have used such techniques as cryopreservation of spermatozoa and Intra-Cytoplasmic Sperm Injection (ICSI) to retain the reproductive potentiality and increase plSSN: 1976-8257 eISSN: 2234-2753 the chances of a successful pregnancy. Nonetheless, there are restrictions on the use of these methods since these options are not practical for patients before maturation and additionally, semen freezing and thawing can reduce their sperm qualities (40) . Therefore, alternative methods are required for protecting the epithelia of the seminiferous tubules and spermatogenesis against the testicular toxicity of anti-cancer agents. Although there are some concerns about the concurrent use of antioxidants and anti-cancer drugs due to the risk of reduced effectiveness of cytotoxic drugs, recent evidence suggests that a combination therapy with protective chemical agents can be helpful to overcome such toxic effects on reproduction (32, 41) . In recent decades, several studies have shown that the administration of antioxidants from plant and food compounds may help decrease some of the side effects of CDDP without affecting its chemical properties or effects (42) (43) (44) .
Some examples reported from various similar studies include grape seed extract, turmeric extract, caffeic acid in honey, melatonin, vitamin C, vitamin E, carotenoids, and many other materials with antioxidant mechanisms to either fully or partially reduce CDDP toxic effects on different body systems (30, (45) (46) (47) (48) (49) (50) . Administrations of DPPD, L-cysteine, and vitamin C before CDDP injection have been shown to improve histological features and reduce the number of cells involved in apoptosis, which has been highest when using DPPD (31) . Although the relevant studies have demonstrated the beneficial effects of antioxidants, such as PTX on the protection of the reproductive system from toxicity, there are some controversies for the use of PTX affecting the sperm function, semen parameters, or reproductive hormones (25) (26) (27) . Furthermore, little is known about the protective mechanisms of PTX.
In conclusion, CDDP treatment can induce histopathological changes in testicular tissue through OS as evidenced by the enhanced free radicals, DNA fragmentation, and significant decreases in the enzymatic and non-enzymatic antioxidants. However, via pretreatment with antioxidants, PTX can partially protect CDDP-ADRs via different mechanisms, which mainly involve antioxidants and PTX antiinflammatory properties. In this research, CDDP was shown to induce testicular toxicity at high doses (300 mg/kg) and even a low dose of 75 mg/kg, thus representing different cellular responses for diminishing its cytotoxic effects. Therefore, further research is required to explain these different behaviors. 
